The magnetic properties of the d 4 Jahn-Teller systems A'Mn m F 4 with layered structures were investigated. Neutron diffraction on powders of KMnF 4 and RbMnF 4 revealed different antiferromagnetic spin arrangements below T N = 4.5 K and 2.3 K, respectively: for KMnF 4 canted antiparallel along a and b, for RbMnF 4 parallel along a and antiparallel along b, in both cases parallel along c, the stacking direction of layers. Mössbauer investigations on 57 Fe doped KMnF 4 confirmed a spin orientation approximately within the layer plane. A discussion is given of the contributions to the magnetic hyperfine field and the Mössbauer linewidth in quasi-two-dimensional antiferromagnets with Ising anisotropy due to thermal excitation of domain wall dynamics (solitons). The experimental data seem to confirm the predicted exponential temperature dependence of the linewidth. From magnetization measurements on powders and a single crystal of KMnF 4 the 2-d exchange energy and the out-of-plane and in-plane anisotropies could be extracted. In addition, from susceptibility measurements the exchange energies of NaMnF 4 , RbMnF 4 and CsMnF 4 were calculated. A linear dependence of these exchange energies (positive for ferromagnetic CsMnF 4 , negative for the other AMnF 4 compounds) on the cos 2 of the Mn-F-Mn bridge angle is observed and compared with the behaviour of the AFeF 4 compounds which is also linear but with reverse sign of the slope. The specific superexchange mechanisms active in Jahn-Teller systems with antiferrodistortively ordered layers are suggested to be responsible for these findings.
Introduction
The alkalitetrafluoromanganates (III) are interesting model compounds for the study of magnetic exchange interactions because their TlAlF 4 -related layered structures exhibit pronounced antiferrodistortive Jahn-Teller ordering and show, in addition, a wide range of Mn-F-Mn bridging angles. Powder samples of A'Mn m F 4 (A = K, Rb, TI, Cs, NH 4 ) have been investigated 15 years ago [1] , but only recently most structures of these compounds have been determined in detail by single crystal X-ray diffraction: LiMnF 4 [2] , CsMnF 4 [3, 4] , NaMnF 4 [5] , TlMnF 4 [6] , KMnF 4 [4] and RbMnF 4 [4] . The magnetic structure, determined by neutron diffraction measurements at low temperature, is known for CsMnF 4 [3] NaMnF 4 [5] TlMnF 4 [6] , The most striking feature in this series of layered Compounds is that, although all structures show similar antiferrodistortive Jahn-Teller ordering, the magnetism switches from ferromagnetism in CsMnF 4 [3] to antiferromagnetism, e.g. in KMnF 4 [1]. The determining influence of the Mn-F-Mn angle, governed by the size of the alkali counter cations, on the magnetic exchange energies has already been verified for 1-d antiferromagnetic linear chain compounds A 2 Mn ,n F 5 (H 2 0) [7] , In the 2-d system AMn m F 4 , the decrease of the bridging angle Mn-F-Mn even leads to a change in sign of the exchange integral. The main purpose of our investigations on KMnF 4 and RbMnF 4 presented here was to elucidate the magnetic properties and structures in the interesting intermediate range between antiferromagnetic and ferromagnetic layers and, hence, to close the gap in the magnetic data for the AMnF 4 compounds. A survey on the correlations of the structural and magnetic features with varying bridge angles is expected to provide some deeper insight into the possible exchange pathways on an experimental basis.
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Experimental

Synthesis
The powder samples of KMnF 4 and RbMnF 4 for neutron diffraction and magnetic measurement (as well as of CsMnF 4 for magnetic investigations only) were prepared by solid state reaction of a stoichiometric mixture of AF and MnF 3 in a sealed platinum tube at 520-550°C. The powder sample of KMn 0 99
Fe n 01 F 4 for Mössbauer study was prepared in a similar way with a 1:1 mixture of Mn 0 98 57 Fe 0 02 F 3 and MnF 3 . The doping of MnF 3 with 57 Fe has been achieved by precipitation of NH 4 Mn 0 98 57 Fe 0 02 F 3 from aqueous HF solution and fluorination to Mn 0 98 57 Fe 0 02 F 3 [8] . The single crystals of KMnF 4 for magnetic measurements were obtained by reaction of KF with MnF 3 at 800 °C.
Neutron Diffraction
The studies were performed at the Laboratoire Leon Brillouin in Saclay (France), which uses neutron beams from the Orphee reactor. The room temperature data were collected on the high resolution twoaxis diffractometer 3T2. The neutron wavelength was 1.2268 Ä. The magnetic neutron diffraction studies were carried out on the two-axis G4.1 diffractometer (A = 2.426 Ä), equipped with a 800 cell linear multidetector, extending over a range of 80 degrees in 2 6. The neutron patterns were recorded at 1.6, 3.3,4.2,4.9, 5.5, 6.0, 8.1 K for KMnF 4 , and 1.5, 2.0, 2.08, 2.15, 2.3, 2.4, 2.55, 3.8, 5.0 K for RbMnF 4 . The data were refined using a Rietveld analysis method [9] with Gaussian peak shapes. The calculations were performed with the program Young [10] for the nuclear structures and the program Fullprof [11] for the magnetic structures. The neutron scattering lengths have been taken from [12] , and the magnetic form factors were extracted from the calculations of Lisher and Forsyth [13] .
Mössbauer Experiments
The 57 Fe Mössbauer effect was measured between 1.6 K and room temperature in Marburg with a conventional constant-acceleration spectrometer using a 20mCi 57 Co in Rh source. The apparatus has been described in [14] .
Magnetic Measurements
Magnetic measurements on powders and on a single crystal were carried out in Marburg on a SQUID magnetometer (Quantum Design). The single crystal was positioned parallel to the three crystallographic axes using X-ray Buerger photographs. An external magnetic field in the range -55 < H < 55 kG could be adjusted with a precision of 0.1 % by means of a superconducting coil. The sensibility of the magnetization measurement in a magnetic field of H = 1 kG was AM = 2 • IO -7 G [15] .
Neutron Diffraction on KMnF 4 
Nuclear Structure
As the single crystal X-ray investigations [4] were performed on a pseudomerohedrally twinned crystal, high resolution neutron data on powder were recorded at room temperature to control the lattice constants and atomic parameters. Based on these data, the monoclinic cell constants were refined to a = 770.62 (4), b = 765.71 (4), c = 578.89 (3) pm and /? = 90.625 (3)°. The maximum difference between these parameters and those given by X-ray diffraction was 0.3%. The profile analysis showed the existence of an impurity in our sample, namely KMnF 3 (about 3%). Hence, both KMnF 4 and KMnF 3 were taken into account in the structure refinement. This led, for 939 reflections (2 6 range: 10-110°) and 46 parameters to the following reliability factors: R p = 4.14, R wp = 5. Table 1 . They confirm the results of our X-ray investigation on a twinned crystal [4] . 
Magnetic Structure
The neutron diffraction pattern in the paramagnetic phase at T= 8.1 K presents only nuclear contributions and is in good agreement with the monoclinic crystal structure determined at room temperature. In our KMnF 3 , impurity phase transitions occur at 186 K and in the temperature range 89-92 K, according to [16] . Therefore we assume that our study of KMnF 4 in the range 1.6-8.1 K was not disturbed by the presence of traces of KMnF 3 . The cell parameters for KMnF 4 at T = 8.1K are the following: a = 766.7 (3), b = 761.4 (3), c = 573.1 (2) pm, and 0 = 90.55(1)°. With decreasing temperature, additional peaks appear which can be indexed in the monoclinic unit cell. The thermal evolution of some magnetic Bragg peak intensities is shown in A refinement of the magnetic structure at T=1.6K (26 range: 15.03-82.93°) was carried out with the program FULLPROF [11] . The 2d ranges 61.0-65.0° and 72.60-74.85° were excluded because of the presence of broad peaks due to the sample environment. The observed and calculated patterns are shown in Figure 2 . The reliability factor R Magn is 5.89% for 49 reflections. The resulting moment is M = 3.06 (3) H B per Mn atom, with following components: AT, = 2.99 (3), M, = 0.49 (4), M z = 0.45(ll) n B . This means that the spins take an in-plane angle »9.3° with the a-axis and an out-of-plane angle a 2 »8.5° with the layer. In other words, the moments are more or less lying within the layer. It has to be mentioned, anyhow, that alternative models for the magnetic structure with a different pattern of signs for the M, component or with an interchange of M x and M y contributions (leading to a magnetic structure rotated by 90° around the c direction) gave R Magn values not much worse than the model shown in Figure 16 . Thus it seems possible that, due to the tetragonal pseudosymmetry, a magnetic domain structure may be present with alternative a-or b-axis as the "easy" direction. The spin canting pattern may be falsified by this effect. The principal feature of antiferromagnetic order of spins lying approximately within the a,b-plane remains nevertheless unaffected (see discussion below). 4 
Neutron Diffraction on RbMnF
Nuclear Structure
Morön et al. [17, 18] , reported an orthorhombic cell and the space group Pmab for RbMnF 4 . However, we refined our room temperature neutron diffraction powder data starting from the results of our X-ray structure determination on single crystal [4, 19] , i.e. with a monoclinic cell and in the space group P2 1 /a, the same as for KMnF 4 . Meanwhile Moron et al. have described the structure of RbMnF 4 in this space group as well [20, 21] . The unit cell constants were refined to a = 781.36 (4), 0 = 777.48 (4) , c = 604.66(3) pm and 0 = 90.775(3)°. The maximum difference between these parameters and those given by X-ray diffraction is 0.1%. Despite the strong absorption effect of Rb encountered at the X-ray single crystal investigation, the atomic parameters found there are in good agreement with those arising from Rietveld refinement of the neutron data. The profile analysis showed, once more, the existence of an impurity in our sample, namely RbMnF 3 (about 5%). Therefore both RbMnF 4 
Magnetic Structure
The neutron diffraction pattern in the paramagnetic phase at T= 5.0 K presents only nuclear contributions and is in good agreement with the monoclinic crystal structure determined at room temperature. RbMnF 3 orders antiferromagnetically below T N % 83 K [22] and, hence, did not affect our study of RbMnF 4 (4) per Mn atom, with the following components: M x = 1.80 (5), M y = 1.42 (7), M z = 0.95(10) /i B . This means that the spins lie rather within the layer than perpendicular to it, with an in-plane angle a! «38° with the a-axis and an out-of-plane angle a 2 %23° with the layer. This magnetic structure ( Fig. 16 ) is in good agreement with that reported by Morön et al. * [20, 21] . As for KMnF 4 , the pseudotetragonal metrics of RbMnF 4 prevent a clear discrimination of slightly canted structures suggested by the field dependence of magnetic susceptibilities. Contributions of a magnetic structure generated by 90° rotation around c (or reversion of M x signs) cannot be excluded.
Mössbauer Study on the Planar Antiferromagnet KMn 099 57 Fe 001 F 4
The 57 Fe 3+ ions can be expected to replace the Mn 3+ ions randomly and to participate in the magnetic order [23] . Between room temperature and 10 K the Mössbauer spectrum of 1% 57 Fe in KMnF 4 consists of a quadrupole-split pair of absorption lines. The two lines have unequal intensities, that with the lower energy being more intense. The analogous Fe compounds AFeF 4 (A = K, Rb, Cs) also show this difference [24] [25] [26] [27] ; it can be explained by non-random orientation of crystallites in the absorber, since KMnF 4 crystals readily cleave in planes perpendicular to the c axis. The particles of powdered KMn 0 99
Fe n 01 F 4 tend to line up with their a, b axes parallel to the plane of the absorber. From the intensity difference we can conclude that the lower-energy line is the (± 1/2 -> ± 3/2) line and that the quadrupole splitting for Fe 3+ in KMnF 4 is negative, namely EQ = -1.84 (2) mm/s. This is confirmed by the low-temperature spectra at T<6 K ( Figure 5 ). In the low-temperature range, the (±1/2 -> +3/2) line intensity was corrected by an empirical correction factor derived from the fits above T N = 5.5 (2) K (see next chapter).
Below T n , the spectra were fitted with a general Hamiltonian of the form
H = -g Hn H (6,<P) I
(1)
where 6 and are the angles of H h{ with respect to the EFG principal axis system. The fits were nearly insensitive to <P due to the vanishing value of the asymmetry parameter. The quadrupole splitting parameter / rj 2 \m EQ = 0.5 eQV zz I 1 +-1 was constant within experimental errors throughout the temperature range 1.6 K<T<T n .
Mössbauer Spectrum at 1.6 K
The parameters obtained for the best fit of the spectrum of KMn 0 99 57 Fe 0 01 F 4 at 1.6 K are listed in Table 2 together with the Mössbauer parameters of the analogous planar antiferromagnet KFeF 4 , wellknown from the literature [25] . The analysis of the 1.6 K spectrum yielded that the main axis of the nearly The temperature dependence of the Mössbauer spectra is shown in Figure 5 . The value of the Neel temperature in KMnF 4 , determined by independent measurements, is T N = 5.5 (5) K.
We have analysed the Mössbauer spectra with symmetric Lorentzian lines. The temperature range can be divided into three parts. At temperatures between 9 and 7 K a temperature-dependent asymmetry of the absorption lines was observed. As the temperature was further decreased, the spectra showed the coexistence of contributions from the paramagnetic and magnetically ordered phases between 6 and 4.8 K. Additionally, the transition to the magnetically split phase was observed by strong broadening of the lines. Below 4.5 K the line widths returned to normal. A pure combined hyperfine pattern was observed that showed an increasing splitting towards lower temperature.
On calculating the temperature dependence of the sublattice magnetization using simple spinwave theory for two dimensions [29] we found a good agreement between the experimental data of H h{ and the spinwave theory H(T) = H 0 {1 -(0.0587/4S) (T/2 J S) 3 ' 2 } for a quadratic layer at temperatures T< T N . In fitting the data of H h{ to the spin-wave theory, an estimation of the saturation field H h{ (0) = 489 (5) kOe and of the exchange energy J/k = -0.5 (2) K were obtained. This simple spin-wave approximation does not take into account the local anisotropy constant D as well as the zero-point spin reduction AS. The latter parameter is of significance in a low-dimensional antiferromagnetic compound because a perfectly aligned Neel state is not an eigenstate of the antiferromagnetic exchange Hamiltonian [30] , except in the case where its anisotropy is infinite. Consequently, even at T=0 K, the spins will be subject to deviations. On the basis of the spin wave theory, AS varies roughly from 0 for D-> oo to l/2z for D = 0, where z means the number of immediate neighbours [31] . The sublattice magnetization will be reduced to M = gn B H(S -AS). This spin reduction (S -AS)/S, which is according to Johnson [32] equal to H/H 0 -where H 0 is the saturation value of H h{ for the high-spin Fe 3+ ion in FeF 3 -amounts to about 16% for the planar antiferromagnet KFeF 4 which is in excellent agreement with theoretical predictions from spin-wave and perturbation theory [31] . If we assume as in [33] H 0 = 624kOe (AS/S = 3%), the value of H M (0) = 489 kOe for KMn 0 99 57 Fe 0 01 F 4 corresponds to 24% spin reduction. This value, which can be directly taken from the Mössbauer experiment, is too large. As an explanation for this physically dubious result, as is discussed in the literature [31] , one can suggest that there exists a transfer of unpaired electron spin from the magnetic Mn 3 + ion to its nearest magnetic Fe 3 + neighbours via the intervening ligand. Such a process, known as super-transferred hyperfine interactions, will reduce the 57 Fe splitting of the nuclear energy levels and thus the value of H. In addition, covalency likewise reduces the magnetic hyperfine field since a small part of the electrons delocalizes from neighbouring fluorine ligands onto the paramagnetic ions between them. This may be important in KMn 0 99 57 Fe 0 01 F 4 because in KFeF 4 a slightly compressed octahedron is found with four similar bridgeing Fe-F bonds (average of 196.8 pm) and two short terminal bonds (187.6 pm). In comparison with that, the structural matrix of KMnF 4 shows remarkably shortened terminal bonds (180.4 pm) and asymmetrical M-F-M briges with a shorter (188.1 pm) and a very long bond (215.6 pm). From the ligand field spectra of mixed crystals (NH 4 ) 2 Mn j-^Fe^Fg [34] it could be deduced that in a Mn-F-Fe bridge, where Fe competes for the bridg-ing F-ligand with an Mn-F bond weakened by the Jahn-Teller effect, the Fe-F bond gets nearly as strong as a terminal bond. On the other hand, in the other direction of the layer the Fe-F bond competing with a short Mn-F bond (presumably somewhat stronger than Fe-F) will undergo a remarkable lengthening. In the absence of a Jahn-Teller effect, this elongation should be much lower than 215 pm found in MnF 6 octahedra. Taking into account a mean Mn-F distance of 201.5 pm for the asymmetric bridge, the Fe-F bond length could be a 
Mössbauer Spectra near T N
As already mentioned, we observe just below und above T N an unusual (non-Brillouin) behaviour in the temperature dependence of the internal fields. The transition from the magnetically ordered state to the paramagnetic state is obviously accompanied by strong line broadening caused by slow relaxation phenomena. It is clear from this temperature range (Fig. 5-6 ) that the magnetic hyperfine field does not decrease to zero at T N and is, therefore, not proportional to the spontaneous magnetization. Additionally, the intensity of the inner quadrupole split pair of absorption lines increases at the cost of the intensity of the magnetically split spectra at T N . Between 4.8 and 6 K, the Mössbauer experiments on KMn 0 99 57 Fe 0 01 F 4 show the superposition of two subspectra in a compound with two nearly identical crystallographic sites. This can be interpreted in terms of a slowly and a fast relaxing subspectrum, whose static Mössbauer parameters are identical. Since H h{ is proportional to the electron spin S, the fluctuations in H h{ can be related to the spin-autocorrelation function <5(0,0) 5(0,t)) [35] . In 3-d magnets, the fluctuations of S in the paramagnetic regime are very rapid compared to the nuclear Larmor frequencies co L . This implies that H is proportional to the sublattice magnetization. In quasi 2-d magnets, however, the intraplane correlation lengths can already be substantial at temperatures T = 2T n , explaining why we have a non Brillouin behaviour, provided the in-plane anisotropy is large.
The possible occurrence of slow spin-spin relaxation may be excluded, since spin-spin relaxation is obviously fast in magnetically concentrated systems. Another possibility like a distribution of Neel temperatures can also be ruled out here on the basis of the performed neutron diffraction and susceptibility experiments (see this paper). Finally, the origin of the broadened asymmetric spectra in the region near critical point is attributed to residual 2-d correlations.
A question of current interest concerns the possibility of localized excitations (solitons) in 2-d magnets. Although the soliton concept has been well established for Heisenberg spin chains, little is known about the situation in 2-d lattices. For the 2-d Heisenberg magnet a static soliton solution has been presented [36] and extended to anisotropic systems [37] . However, it is not yet clear how these solutions will affect the dynamics in detail. Qualitatively, by analogy with the 1-d case, a broadening of the Mössbauer linewidths is expected, which should be proportional to the number of solitons, n s oc exp( -E A /k T), with EA being the soliton activation energy. In fact, for several manganese layer compounds, such an Arrhenius law has been observed in the EPR linewidth close to the phase transition [38] . However, until now no manifestation of non-linear excitations was reported for two-dimensional magnetic Fe 3+ compounds. The spectra of AFeF 4 (A = K, Rb, Cs) do not display any temperature-dependent line broadening above the 3-d phase transition. Solitons are present by virtue of the anisotropy, and, since Fe (III) is 3d 5 , the single-ion anisotropy of Fe (III) will be negligible or will probably be smaller than the 3-d ordering energy kT N . Mn(III) is 3d 4 and so should have strong anisotropic properties, which are transmitted via the Mn-Fe exchange to the Fe atoms. The latter become polarized in the same direction as the Mn spins [39] . Adopting 
where G m means the flip-rate of the electron spin:
Further, co L is the average nuclear Larmor frequency of 0.5 • 10 8 Hz for H M = 489 kOe, and E A is the soliton activation energy:
where D and J are the in-plane (Ising-type) anisotropy and in-plane exchange energy, respectively. For G>co L , the line broadening is according to [35] 1/2 = 3.5 mm/s at G 0) = co h . If we assume a precision of about 2% for the linewidths W (T), then from (2) the sensitivity of the Mössbauer effect covers a range between 10 6 and 0.6 • 10 u s~1 [40] . The correlation times calculated from (2) are 0.2 • 10" 7 s, 0.5 • 10" 8 s and 2 • 10" 10 s at temperatures of TäT n = 5.5 (3) K, T = 6.5K and 8.5 K, respectively. Above this latter temperature the flip rates of the magnetic moments are outside Mössbauer window. The result is shown in Figure 7 . The error bars in the figure represent a combination of the statistical errors in the linewidths indicated in the computer fits and the spreads observed when averaging the halfwidths of the magnetic and quadrupole pattern below and above T n , respectively.
In order to estimate the in-plane exchange energy J/k we define on the basis of the quadratic Heisenberg model the region T N < T< T u «2.07 S(S+1) J/k in which 2-d excitations can be observed. The upper limit T u of the Mössbauer window corresponds to the temperature where W=W exp .
Taking T U = 8.5K we estimate from the relationship of T u the exchange energy J/k = -0.68 (5) K and hence from (4) the in-plane anisotropy energy D/k= 1.45 (5) K. The exchange and anisotropy constants may be overestimated, because our calculation does not take into account possible spin correlations beyond T U . However, the results derived by the upper crude approximations are in excellent agreement with the magnetization studies below. It is also noteworthy that the temperature of the maximum for the linewidth nearly coincides with the observed Neel temperature from magnetic measurements. This result is in agreement with previous results of low-dimensional systems [40, 41] .
Magnetic Study of the 2D Antiferromagnet KMnF 4
The molar magnetic powder susceptibility calculated from the field dependence of the magnetization is plotted versus temperature in Figure 8 The summation (i,j) is over nearest neighbour pairs. Thus the anisotropy constant D, establishes a planar (X T) anisotropy for the moments whereas D x singles out the x-axis as the preferential axis within this easy plane (Ising-type anisotropy). For the quadratic layer Heisenberg antiferromagnet with isotropic exchange Hamiltonian (first term in (5)) we use as an approximation the series expansion for the reciprocal susceptibility The discrepancy between theory (6) and experiment for temperatures below T(/ max ) is probably due to the existence of a weakly canted rather than a strictly antiferromagnetic spin arrangement below 7^, leading to a divergence of susceptibility at 6 K.
In order to get informations about spin canting and the ordering temperature T N we used a stack of small single crystals oriented along the c-axis, which is perpendicular to the layer. After zero-field cooling we measured the magnetization in the range between 1.8 K and 20 K, warming up and then cooling down again in a weak field of 100 G parallel and perpendicular to the c-axis. Figure 9 shows that small canted components of the spins exist parallel to the c-axis and within the plane. The different branches of magnetization diverge at 5 K. The inflection points of the magnetization curves may define in the case of a quasi 2-d system [31] the antiferromagnetic ordering temperature as T n = 5.5 (2) K, which is in agreement with T(IF MAX ) derived from the Mössbauer experiments. The strong evidence of three dimensional long range ordering below this temperature is given from the appearance of hysteresis phenomena and residual magnetization (Figures 10-11) .
To derive the anisotropy constants D x and D z in (5) we measured the magnetization of a small single crystal (0.57 mg) as function of an external magnetic field and the temperature along the three crystal axes. A field dependence of the magnetic susceptibilities was found below H = 3 kG in all directions. The temperature dependence of all three x curves calculated from M = xH displays broad maxima at 8.5 K in agreement with the powder measurements. Different curves for and Xc reveal that the magnetic ordering is highly anisotropic. Adopting the results of neutron diffraction, the perpendicular components of zerofield susceptibilities extrapolated for T 0 are X B (0) = 92. yyC. " r, ^^yvijiyTTV yvv-7-y V-V V 9 ^ 1 • 1 i.i.
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-400 of the magnetic susceptibility in KMnF 4 is an example of a 2-d planar Heisenberg antiferromagnet, since the planar anisotropy clearly follows from the fact that above the maximum at 8.5 K, the perpendicular susceptibility y b as measured within the easy plane nearly coincides with the parallel susceptibility whereas the perpendicular susceptibility x c i n the direction out of the easy plane is lowered substantially as a consequence of a large planar anisotropy D,. With the exchange constant J determined above, the susceptibility can be calculated at T=0 from the prediction of the perpendicular susceptibilities from spin wave the- The quantities S(a) and c(a) are corrections arising from the effects of zero-point spin deviations. The Mössbauer effect in KFeF 4 gives a spin reduction [31] AS/S of 0.16 for an anisotropy constant of a = 6 • 10 -3 . Considering the spin reduction as a function of a as calculated by Colpa et al. [44] we obtain for KMnF 4 S(a)/S = 0.10. The quantity e(a) is almost independent of a [45] , so we use the value e(0) = 0.632 given by Keffer and Breed [30, 46] . With the experimental values of the perpendicular susceptibilities x b (0) and x c (0) ( see above) we obtain from (7) the anisotropy parameters a = 0.65 and a = 1.40, and hence the in-plane anisotropy D x //c= 1.7 (3) K and out-of-plane anisotropy DJk = 3.5 K, respectively.
The exchange interaction J/k=-0.65 K for KMnF 4 is unusually small. For comparison we put together the characteristic parameters for KMnF 4 and from literature [24, 25] the parameters for KFeF 4 (Table 3) . Listed are the spin value S, the transition temperature T N , the intralayer exchange J/k, T(x max ), c AXIS 30000 40000 50000
20000
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Exchange Energies of Other AMnF 4 Compounds
In this context it was interesting to calculate the two dimensional exchange energies J/k for the already known layer structures of NaMnF 4 [5] , RbMnF 4 and CsMnF 4 [4] on the basis of the high temperature approximation for the quadratic Heisenberg model (6) . For this purpose we performed new susceptibility measurements on powder samples of RbMnF 4 [8] and CsMnF 4 ( Figure 13 ). In the case of NaMnF 4 we used the values from our earlier measurements [5] . The parameters obtained are reported in Table 4 . 
Magnetostructural Correlations in the AMnF 4 Series
In contrast to other strong Jahn-Teller systems with layered structures like A 2 CuF 4 or A 2 CrCl 4 [31, 47] , where the M-X-M bridges are near 180°, the fluoromanganates (III) AMnF 4 reported here provide a large variation of lower bridge angles from 138° to 162° (Table 4 ). The local geometry of the elongated [MnF 6 ] octahedra remains approximately constant, anyhow. In all cases, these groups order in an antiferrodistortive manner (Figure 14) . Thus, the Mn-F-Mn bridges are strongly asymmetric with typical bond lengths Mn-F of 215 and 186 pm.
As in this series of AMnF 4 compounds, the exchange energies strongly vary with the bridge angles (Table 4) , it seems possible to correlate this feature with possible exchange pathways in the structures, [31, 48] and the bridging angles /? [49] [50] [51] [52] were taken from the literature. In Fig. 15 the exchange energies are plotted for both systems of layered structures versus cos 2 ß, where ß means the average M-F-M bridging angle. Such a linear evolution of J/k with cos 2 ß has already been reported for the Mn 3 + chain compounds [7] , and can be described in the present case by the equation
The sign of J/k turns over at ß c = \ 50°, i.e. the antiferromagnetic ordering changes continuously into a ferromagnetic coupling of the moments. 
Possible Exchange Pathways
The main difference in the J/k versus cos 2 ß functions for the Mn(III) and the Fe(III) compounds, the change in sign of the slope, may clearly be attributed to the principal difference in the dominating cr-superexchange mechanism between a d 4 Jahn-Teller system with antiferrodistortive ordered planes and a non Both er-interactions are expected to decrease with a bridge angle ß decreasing from the ideal value of 180°. The good linearity of the J/k versus cos 2 ß plot in Fig. 15 as well as for the 1-d systems in [7] suggests that the exchange energies roughly follow the overlap integral of the ^-interaction. Other examples with similar angle dependencies have been discussed for dimers e.g. by Hay et al. [56] or Atanasov and Angelov [57] ,
The o interactions (9) explain well the positive and negative slopes of the J/k-cos 2 ß functions in Figure 15 . But the reason for the early change to antiferromagnetism in the Mn(III) system at about 0=150° has still to be found. The following points may play a role:
1. e g -mixing: Kanamori pointed out [58] that the ideal case of ferromagnetic interaction (9 a), based on the orthogonality of the metal d-orbitals, may turn towards antiferromagnetic coupling by the lowering of symmetry when the bridge angle deviates from 180°. He assumed that by anharmonic terms in the vibronic coupling within the antiferrodistortively ordered layers a mixing of both orbital states occurs with the consequence of partial electron transfer from the d 2 towards the empty d x z_ y2 orbital. In this way an antiferromagnetic contribution to the exchange should be expected at lower bridge angles. If this mechanism holds, at the same time a decrease of asymmetry in the Mn-F... Mn bridges should be observed with decreasing ß. In the crystal structures of the AMnF 4 compounds such a trend is not documented (Table 4) . Thus, the e 9 -mixing cannot play an important role. 4. s-d-mixing: 4s-3d22-mixing is assumed to explain the favouring of the elongation of MX 6 -octahedra in strong Jahn-Teller systems (£ g ground state) [59, 60] . Its importance in our Mn(III) systems is documented in the large local anisotropy (about 3 K) connected with such a process. The consequence of the s-d-mixing for the superexchange interactions is an expansion of the d z2 -orbitals. This effect provides good cr-overlap in spite of the large Mn ... F distance in the long part of Mn-F... Mn bridges. Thus both important exchange pathways, the a*/a-and the n/ainteraction are enhanced by this effect. Attempts for a more quantitative treatment of the exchange interactions and their angle dependence by the Angular Overlap Model and Ext. Hückel calculations have been performed by Atanasov. These results will be published separately [61] .
Orientation of the Magnetic Moments in the AMnF 4 Compounds
As summarized in Fig. 16 , the AMnF 4 compounds show four basic types of magnetic structure, all with spins approximately within the layer planes: CsMnF 4 is ferromagnetic with spins along a or b [3] , RbMnF 4 is an antiferromagnet but along a where the bridge angle is 152°, the coupling is parallel, along b (angle 148°) it is antiparallel. In the TI, K and Na compounds the coupling is antiparallel in both layer directions.
The inter-layer coupling is ferromagnetic in CsMnF 4 and all other antiferromagnetic compounds except NaMnF 4 , where it is antiferromagnetic like in the Fe compounds.
The direction of the spins in the antiferromagnetic compounds results as a compromise of the tendency for antiparallel spin orientation by the low exchange energies and the strong anisotropy. The out-of-plane anisotropy D z clearly keeps the "easy" direction approximately within the layer plane where the long octahedral axes are oriented. The in-plane anisotropy D x is less pronounced due to the antiferrodistortive ordering of the octahedra and the puckering of layers. Owing to the perpendicular ordering of the elongated axes, for a colinear spin array only one half of the spins can adopt the easy direction. Within the plane there are two comparable easy directions a and b. In KMnF 4 the a direction seems to get some preference. The small difference in susceptibilities along a and b of the single crystal (Fig. 12 ) and the problems in refining the magnetic structure from neutron diffraction data suggest anyhow the possible presence of magnetic domains with b orientation of spins. In RbMnF 4 and TlMnF 4 , as a compromise between both easy directions, the diagonal spin orientation is preferred. The additional influence of puckering of the layers is supposed to be the reason for the observed canting in the Rb, K, and (from magnetization data) Na compounds. A Dzialoshinsky effect [62] is estimated to cause canting of less than about 1° and, thus, cannot explain our much larger effects.
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